Introduction
The search and design of new multiferroic compounds possessing electric dipole moment and magnetic ordering in a single phase is currently a prioritized direction of research in the field of materials science [1] [2] [3] [4] . The interest largely arises from the possibility of cross-controlling magnetic field/electric field and polarization/magnetization, that could provide a route to advanced memory devices [5, 6] . During the last decades, the main efforts in this research field have been focused on different perovskite compounds [4] whereas other structure types have been less studied [7] . However, in recent years bismuth layer-structured ferroelectrics have attracted much attention because of their high ferroelectric Curie temperature (T c ), large spontaneous polarization, and their possible applications as leadfree components in electronic functional devices [8, 9] . For instance, the compound Bi 4 Ti 3 O 12 (BTO) undergoes a first-order ferroelectric transition at T C = 676 °C [8] . Unfortunately, pure Bi 4 Ti 3 O 12 suffers from high leakage electric currents, poor fatigue endurance, and small remnant polarization [10] . On the other hand, Nd-substituted Bi 4 Ti 3 O 12 (Bi 4 − x Nd x Ti 3 O 12 (BNTO)) has received a great deal of attention since this substitution e.g. significantly enlarges the remnant polarization compared to that of the pure compound [11] [12] [13] [14] .
Bi 4 Ti 3 O 12 belongs to the Aurivillius structure family, which can be described as a regular stacking of fluorite-like [Bi 2 O 2 ] 2+ slabs and perovskite-like blocks [A n−1 B n O 3n+1 ] 2− (n = 3), where the integer, n, describes the number of sheets of corner-sharing BO 6 octahedra forming the ABO 3 -type perovskite blocks [15] [16] [17] [18] (cf. Fig. 1 ). The electronic configuration of the Bi 3+ cation is [Xe]4f 14 5d 10 6s 2 , where the 6s 2 lone pair is responsible for the high polarizability of this cation and its stereochemical activity.
Abstract Sample preparation, evolution of the crystal structure with Nd content at room temperature, as well as dielectric and magnetic properties of polycrystalline Bi 4 − x Nd x Ti 3 O 12 solid solutions (x = 0.0, 0.5, 1.0, 1.5, and 2.0) are reported. These solid solutions were structurally characterized by X-ray powder diffraction using Rietveld refinements. For x ≤ 1.0, the samples crystallize in an orthorhombic symmetry. The structural data could be refined using the polar orthorhombic space group B2cb. The orthorhombicity decreases with increasing Nd 3+ concentration, and a paraelectric tetragonal structure (space group I4/mmm) is stabilized for x > 1.The ferroelectric Curie temperature was found to monotonously decrease with increasing Nd concentration. A polar-tononpolar phase transition takes place near x = 1, reflecting the existence of a morphotropic phase boundary between 1.0 < x < 1.5 at room temperature. All samples were found to be paramagnetic down to 5 K, however, the presence of significant antiferromagnetic interaction is inferred from Curie-Weiss analyses of the temperature dependence of the magnetic susceptibility of the doped samples. The effect of Nd 3+ substitution on structure-property relationship is discussed and compared to that of other lanthanide cations.
The Aurivillius family constitutes a class of compounds where new multiferroics with good ferroelectric and magnetic properties may be found [19] [20] [21] . As mentioned, Bi 4 Ti 3 O 12 has well-established high temperature ferroelectric properties [22, 23] , that can be enhanced by the substitution of Bi by Nd causing enlarged remnant polarization [24] [25] [26] accompanied by other changes of structural and physical properties [27] [28] [29] [30] [31] . Recently, there have been several investigations on the effects of doping Bi 4 Ti 3 O 12 by various magnetic species [32] [33] [34] [35] [36] [37] [38] . However, these materials do not acquire magnetic long range order even at low temperatures. 12 . Stoichiometric quantities of the initial reagents were homogenized with ethanol in an agate mortar and pressed into pellets. Next, the samples were successively annealed at Т 1 = 973 K, Т 2 = 1073 K, and Т 3 = 1173 K (10 h at each temperature) with intermediate regrinding in ethanol. The heating rate was 10 K/min for each stage of the synthesis. The samples with high Nd 2 O 3 content (x = 1.5 and 2.0) were additionally heated at Т 4 = 1273 K (10 h) for complete phase formation.
X-ray powder diffraction
The phase purity of the powder samples were checked using X-ray powder diffraction (XRPD) patterns obtained with a D-5000 diffractometer using CuK α radiation. The ceramic samples of BNTO were crushed into powder in an agate mortar and suspended in ethanol. A Si substrate was covered with several drops of the resulting suspension, leaving randomly oriented crystallites after drying. The XRPD data for Rietveld analysis were collected at room temperature on a Bruker D8 Advance diffractometer (solid state rapid LynxEye detector, Ge monochromatized Cu K α1 radiation, Bragg-Brentano geometry, DIFFRACT plus software) in the 2θ range 10°-152° with a step size of 0.02° (counting time was 15 s per step). The slit system was selected to ensure that the X-ray beam was completely focused within the sample for all 2θ angles. The XRPD experimental diffraction patterns were analyzed via the Rietveld profile method using the FULLPROF program [39] . The diffraction peaks were described by a pseudo-Voigt profile function with a Lorentzian contribution to the Gaussian peak shape. A peak asymmetry correction was made for angles below 35° (2θ). Background intensities were described by a polynomial with six coefficients. During the refinements, the two A-type cations (Bi and Nd) were allowed to occupy all possible metal sites. The IVTON software [40] was Fig. 1 Crystal structure of Bi 4 Ti 3 O 12 ; drawn using VESTA [54] employed to characterize the spatial coordination of the A and B-site cations and to obtain bond lengths, volumes of coordination polyhedral, and cation displacements from the center of polyhedra.
Thermal analysis
The phase interactions at each stage of the synthesis were investigated via thermogravimetric analysis (DTA/TG) using an SDT Q600 thermoanalyzer (Pt-Pt/Rh thermocouple) in the temperature range of 273-1523 K in air. Heating rates of υ = 5 and 10 K/min were used and the temperature measurement accuracy was ΔT = ± 1°. The accuracy of the thermogravimetric measurements was Δm/m = 0.5%.
Chemical composition
The average cation composition of the synthesized ceramics was estimated by EDS analysis using Epsilon1 microanalyzer (PanAnalytical). The chemical composition of the powder samples for structural investigations was analyzed by energy-dispersive spectroscopy (EDS) using a JEOL 840A scanning electron microscope and INCA 4.07 (Oxford Instruments) software.
Second harmonic generation (SHG) measurements
The samples were characterized via SHG measurements in reflection geometry, using a pulsed Nd:YAG laser (λ = 1.064 µm). The tests were performed in the temperature range of 25-700 °C. The SHG signal I 2 ω was measured from the polycrystalline samples relative to α-quartz standard at room temperature in the Q-switching mode with a repetition rate of 4 Hz. To make relevant comparisons, the BNTO microcrystalline powders and α-quartz standard were sieved into the same particle size range since the SHG signal is known to depend strongly on the particle size [41] .
IR spectroscopy
The IR-Fourier analysis of the Bi 4 − x Nd x Ti 3 O 12 samples was performed in the frequency range of ν = 400-1500 cm −1 using the spectrophotometer FSM-1202 in continuous mode. The samples were pressed into pellets with KBr in the ratio 1:100.
Magnetic and dielectric measurements
Magnetization measurements were performed using a superconducting quantum interference device magnetometer (SQUID) from Quantum Design. The temperature dependence of the magnetization was recorded under different magnetic fields using zero-field-cooled (ZFC) and field-cooled (FC) protocols. Magnetic hysteresis loops were recorded at low temperature (T = 5 K).
Dielectric properties of BNTO ceramic samples were measured using ceramic disks (0.3 mm thick) with silver electrodes fired on both sides. The dielectric constant and loss tangent were derived from an impedance analyzer HP 4284A Agilent 4284A Precision LCR Meter in the range of frequencies 10 2 -10 6 Hz (1 V) and temperatures 298-1023 K. To determine T C , capacitance measurements were performed as a function of temperature in an automated temperature controlled furnace interfaced with a computer for data acquisition.
Results

Sample characterization
EDS measurements revealed the presence of all the cations in the BNTO samples. According to the elemental analysis done on 20 different crystallites of each sample, the metal compositions of the BNTO ceramics are close to expected values. Scanning electron micrographs showed practically uniform distribution of grains of average size ranging between 1.3 and 1.8 µm. The average grain size decreased with an increase in the Nd concentration. The oxygen content, determined using iodometric titration, was found to vary between 11.98(3) and 12.01(3) for the different samples without any correlation between the oxygen content and Nd concentration. All these values are very close to the expected values. Thus, we can conclude that the compositions of the samples were close to the nominal ones.
SHG measurements
Being a sensitive and reliable technique for establishing the presence or absence of acentric distortions, the SHG technique was used as a test for center of symmetry in the synthesized samples. Powder SHG measurements on Bi 4 Ti 3 O 12 indicated that the material has an SHG signal of approximately 200 times that of α-SiO 2 standard at room temperature. As the amount of Nd 3+ cation in Bi 4 − x Nd x Ti 3 O 12 increases to x = 0.5 and 1, the SHG signals decrease to 75 and 40 times that of α-SiO 2 , respectively, as illustrated in Fig. 2c . However, negligible SHG signal was recorded for samples with x > 1.0, suggesting that these BNTO samples are centrosymmetric. Figure 2a shows an abrupt loss of the SHG signal with temperature near 660 °C for the undoped sample (x = 0), reflecting the phase transition to a centrosymmetric phase at that temperature (i.e. Tc ~ 660 °C). For the compound with x = 1, a step-like change of I 2w (T) with thermal hysteresis is also observed, albeit less sharp than what is observed for the undoped compound, and at a lower temperature, near 200 °C (see Fig. 2b ). Above this temperature a two-phase region exists, where a residue of a noncentrosymmetric ferroelectric phase coexists with fragments of a paraelectric phase. As a result the SHG signal gradually decreases up to higher temperatures.
IR spectroscopy
The IR spectra of the BNTO samples ( Fig. 3) were in good agreement with previously reported data [33] . The presence of two wide bands in the range of ~870-800 and ~740-530 cm −1 in the spectra are due to the vibrations of Ti-O bonds in the TiO 6 octahedra. The maxima of these bands shift to higher frequencies with an increase in x. The observed shifts can be explained by different factors [33, 42] : a decrease in the length and therefore an increase in the energy of the Ti-O bonds, the displacement of the TiO 6 octahedra along the a axis and the change of the Ti-O valence bond angle. Bi 3+ (6s 2 ) and Nd 3+ (4f 3 ) have different ionic radii (1.17 and 1.109 Å for CN = 8, respectively) [43] . As a result, the unit cell volume and Ti-O bond lengths decrease with an increase in the Nd 3+ concentration. The occurrence of a shoulder at ~680-660 cm −1 on the side of the absorption band in the range ~740-530 cm −1 for x = 1.0 and its strengthening with an increase in x may be related to approaching the concentration for which an orthorhombic to tetragonal phase transition occurs (x > 1.0). Furthermore, the intensity of the absorption band at ~870-800 cm −1 increases and the band narrows with an increase in x. This also points to a change in the unit cell symmetry.
Dielectric spectroscopy
The results of dielectric spectroscopy investigation of Bi 4 − x Nd x Ti 3 O 12 solid solutions are presented in Figs. 4, 5, 6 and 7. The temperature dependences of dielectric permittivity ε(T) reveal anomalies of two different types (see results for the undoped sample in Fig. 4 ). The anomalies of the first type are frequency dependent and reflect relaxation processes. They occur at low temperature for the undoped compound, and are shifted to higher temperature as x increases. The second type of anomalies are frequency independent, and reflect the ferroelectric transition associated to the nonpolar to polar structure change. Tc amounts to 920 K for the undoped compound, and decreases to 800 K for x = 0.5, as seen in Fig. 5 . As seen in the figure, a broad peak is observed near 500 K for the x = 1 compound. However, as shown in Fig. 6 , this peak is frequency dependent, suggesting that ferroelectric order may be short-ranged for that composition; c.f. (Fig. 7) . Such behaviour and the observed frequency dispersion indicate an oxygen ionic type conductivity in these samples. The reduction of conductivity by approximately 1.5 orders of magnitude in the investigated range of x is related to the decrease of oxygen vacancies in the crystal structure due to the stabilization of the (Bi 2 O 2 )
2+ layers with an increase in the Nd 3+ content. Thus, the Nd cations reduce the bismuth losses during the high-temperature synthesis.
Magnetic measurements
The Table 1 . There is a good agreement between the calculated spin moment per formula unit and the effective magnetic moment extracted from our fits to the experimental data. Furthermore, apart from the undoped sample (x = 0), all the other samples have a negative Curie-Weiss constant ranging between −20 and −50 K. Thus, the incorporation of Nd 
Structural investigation
For a more quantitative assessment of the effect of Nd substitution on the phase stability, XRPD patterns of BNTO ceramics were registered (Fig. 10 ). All sets of reflections could be indexed in the orthorhombic structure of the parent compound (JCPDS card No. . No secondary phases were found within the detection limit of our XRPD There is a systematic shift of the reflections to higher 2θ values with an increase in x. This is expected because of the difference in the ionic radii of Nd 3+ (1.09 Å) and Bi
3+
(1.17 Å); both with c. n. 8. This observation indicates that the Nd 3+ ions in BNTO do not form minority phases or segregate from the interior grains; rather they dissolve into the perovskite lattice even for high concentrations of Nd.
The tendency of the changes in the lattice parameters with substitution of Nd 3+ for Bi 3+ was studied in details. For pseudo-orthorhombic Bi 4 Ti 3 O 12 (x = 0), the (2 0 0)/ (0 2 0) reflections are well separated into two peaks in the XRD patterns (see Fig. 11 ). Other reflections with crystallographic index of (hkl)/(khl) were also observed to split into two peaks (data not shown here). However, these diffraction doublets gradually merged into a single peak as the Nd 3+ concentration increased from 0.5 to 1.5, indicating an increase in the symmetry of the crystal structure. Inspection of the raw data for the samples with x = 1.5 and 2.0 and the merging of the diffraction doublet suggests that the higher doped samples crystallize in the I4/mmm tetragonal structure. The volume of the tetragonal unit cell is approximately half that of the orthorhombic unit cell. Refinements using the tetragonal space group yielded a perfect fit for the higher doped samples. Similar structural phase transformations by increasing the dopant concentration has been reported for other Ln-dopants as well (e.g., for La near x = 0.86 [44] , for Eu near x = 1.2 [38] , and for Sm/Fe near x = 0.4 [45] ). The lattice parameters of the BNTO samples are presented in Fig. 12 and listed in Table 2 . For a better comparison of the orthorhombic and tetragonal structural data, the estimated values of a tetra for x = 1.5 and 2.0 were converted into the equivalent a ortho applying the relation a ortho = √2 a tetra . The lattice parameters and unit cell volume of the BNTO samples decrease monotonously with increasing concentration of Nd.
The difference between the a and b lattice parameters was found to be extremely small for the sample with concentration x = 1.0, For the solid solution with x = 1.0, the Rietveld refinement of the diffractions pattern gave very similar results for the polar B2cb and nonpolar I4/mmm structural models, thus making the determination of the true symmetry of the compounds on the basis of XRPD data only difficult. However, SHG data clearly showed that the structure of this composition is noncentrosymmetric at room temperature (see Fig. 2 ).
For describing the structure of BNTO (x ≤ 1.0) at room temperature, there are two existing models (orthorhombic B2cb [46] [47] [48] [49] and monoclinic B1a1 [50, 51] ) that are difficult to distinguish. Structural refinements of the materials with x = 0, 0.5, and 1.0 were performed using the space group B2cb (No. 41) with the reported crystallographic data of Bi 4 Ti 3 O 12 [47] as a starting model. No crystallographic ordering between the Bi 3+ and the Nd 3+ cations was observed. Site occupancies for the Bi/Nd distribution over the two possible sites were refined using the splitatom model with the total occupancy of Bi 3+ :Nd 3+ fixed to {(4 − x)/4}:x/4 as expected from the synthesis and results of EDS analysis. Careful inspection of the XRPD patterns for samples with x = 0, 0.5, and 1.0 revealed no deviation from the orthorhombic symmetry within the resolution of the instrument. On the other hand, we could not obtain a stable refinement of the B1a1 model using our data due to very high pseudosymmetric correlations and no deviation from metric orthorhombic symmetry in the frame of standard deviation.
The orthorhombic structural model has two sites containing Bi 3+ with different coordination environments (Fig. 13) . The [Bi 2 O 2 ] layer site (Bi2) is an 8-coordinate position, while the perovskite A-site (Bi1) adopts 12-coordination. There are two Ti 4+ containing sites, the perovskite B-sites, both of which are distorted octahedral sites with the octahedra rotated around the principal unit cell axes. It is these octahedral distortions, together with the co-operative displacement of the Bi1 site that are considered keys to the ferroelectric properties of this family of materials.
The Nd substitution occurs primarily on the perovskite A-site (Bi1) and not on the [Bi 2 O 2 ] layer site (Bi2). However, our XRPD studies reveal that Nd 3+ occupies both sites for x = 1.5 and 2.0, although substitution on the A-site was more favorable.
The tetragonal structure of BNTO at room temperature for samples with x = 1.5 and 2.0 is identical to the structure of the high temperature phase of BTO that is stable only above its T C (~920-930 K). The structural model of the tetragonal phase proposed in [32, 52] was modified and Bi 3+ and Nd 3+ cations were allowed to randomly occupy the two available cation sites. Bi:Nd stoichiometry was constrained to remain constant; the z co-ordinates and isotropic thermal parameters of Bi 3+ and Nd 3+ occupying the two distinct cation sites were constrained to be equal. In the final step, the O1 oxygen atom was allowed to displace from the ideal 4e position, (0, 1/2, 0), to a new 8j position, 12 after Rietveld refinement of the atomic structure at 295 K (x, 1/2, 0), corresponding to a rotation of the Ti 1 octahedra about the ⟨0 0 1⟩ axis. The structural parameters for all investigated compounds are tabulated in Table 2 (final Rietveld plots are presented in Fig. 10) , and the corresponding bond distances are shown in Table 3 . Figure 13 illustrates the crystal structure of BTO (x = 0) and BNTO (x = 2) on the basis of the refined structural parameters. No evidence for ordering was observed, however, the Bi 3+ in the A site of the perovskite block tends to be preferentially substituted by Nd 3+ compared to the (Bi 2 O 2 ) 2+ rock-salt unit. A similar site preference for La 3+ has been reported before [53] [54] [55] . Deviations from the tetragonal symmetry are caused by displacements of the Bi 3+ /Nd 3+ with corresponding cooperative tilting and distortion of the TiO 6 octahedra in order to satisfy the bonding requirements at the four available cation sites. The Bi 2 O 2 layers and TiO 6 octahedra in the perovskite units are distorted and the TiO 6 octahedron along the c-axis are buckled. These displacements are the primary cause of the remnant polarization of BNTO at room temperature.
The remarkable decrease of the orthorhombic distortion with increase in Nd concentration is correlated with the cationic polar displacements and degree of tilting of the octahedra. The observed trends of the bond distances allowed us to conclude that the Bi(1) cation located inside the perovskite block has a coordination number 12. With an increase in the Nd concentration, the range of Bi1-O bond lengths gradually decreases and these bonds become more equivalent. A similar situation is observed for Bi 2 in the [Bi 2 O 2 ] block in spite of its different coordination number (9) . The coordination around the Ti1 and Ti2 sites are relatively insensitive to Nd doping. Calculation of bond valence sums (BVS) for the Bi and Ti sublattices yielded values (see Table 4 ) that are quite close to the optimal values. Polyhedral analysis shows drastic off-center displacements for the two Bi atoms, together with distortions of both the Ti octahedral sites. The strong preference for the Bi cations to occupy a highly distorted coordination polyhedral is related to their stereochemically active lone electron pair. In the case of compounds with x > 0 where the A-sites are partly occupied by Nd 3+ instead of Bi
, the observed orthorhombic distortion is significantly less and these polyhedra are more regular.
Discussion
As shown in Table 2 , the unit cell volume and orthorhombicity exhibit the expected decrease with increase in Nd 3+ concentration (also see Fig. 12 ). The gradual decrease of the orthorhombic distortion and the eventual transition to a tetragonal symmetry for x ≥ 1.5 can be correlated with key structural features, such as cationic displacements from ideal positions and the degree of tilting of the octahedra. Inspection of the bond lengths in Tables 3 and 4 reveals several trends. The Bi cation prefers an asymmetrical arrangement of the anion neighbors because of its nonspherical electron configuration. The number of "ferroelectric-active" cations decreases when a symmetrical Nd (2) make the geometrical mismatch even more pronounced resulting in a decrease of T C . The coordination number of Bi1 in the perovskite site may be regarded as 12. In the tetragonal structure (x > 1), these consist of three symmetry-equivalent sets of four bond distances. In the orthorhombic structure of BNTO (x < 1), these distances become inequivalent, and the range of bond distances decreases with decrease in the concentration (see Table 3 : a x = 0 and b x = 2; drawn using VESTA [54] underbonding at both Bi sites, in particular at the Bi1 perovskite site. The Ti sites are slightly overbonded. The lone electron pairs of the Bi 3+ cations play a crucial role in the structural distortion in the ferroelectric phase owing to the correlated reorientation [15, 57] in order to optimize its bonding to the neighboring anions. The structural mechanism of the concentration-induced phase transformation from I4/mmm to B2cb in BNTO is not trivial because a direct transition is not possible. Modes of more than one irreducible representation must be invoked in order to explain the symmetry breaking. The change of symmetry is associated with a combination of rotations of the B-octahedra and cation displacements compared to the prototype phase. A direct comparison of the I4/mmm and B2cb structures using group-subgroup analysis performed using the AMPLIMODES software [58] [59] [60] revealed that the expected symmetry changes could follow the path I4/mmm→F2mm→B2cb with one intermediate phase. All modes related to this structural transformation were calculated although the presence of two of them (X3 + and Eu) is sufficient to prove the presence of polar orthorhombic distortion. The X3 + mode is related to an octahedral tilting around the x axis within the perovskite slabs, together with correlated displacements of the Bi atoms. This mode is responsible for the duplication of the unit cell. Eu is a polar mode related to a relative displacement of the Bi sublattice [61] . The correlated motions of the atoms within the perovskite and fluorite blocks are out-of-phase with each other as shown in Fig. 13 and the transition is associated with the opposite movement of the fluorite-and perovskite-like layers.
The coordination environment of the Ti2 cation in the perovskite-type layer is considerably distorted from ideal octahedral geometry. This distortion results in a significant buckling of the outer TiO 2 planes. The coordination environment of the Ti1 cation also appears to be distorted, although the nature of this distortion, involving two longer apical Ti-O2 bonds and four shorter equatorial Ti-O1 bonds is symmetric, in contrast to the asymmetric distortion of the Ti2 octahedron. The shape of the Ti octahedra of the paraelectric phase remains nearly unchanged in the ferroelectric phase. The TiO 6 octahedra rotate in the a-b plane as well as tilt away from the c axis.
Using the tolerance factor arguments in Ref [32] . it was found that there is considerable strain at the interface between the fluorite-and perovskite-type layers in the structure of BNTO. This strain, present in Bi 4 It is not possible to discard the possibility of the presence of some kind of ordered magnetism for other rare-earth doped compounds in the Bi 4 − x Ln x Ti 3 O 12 series. Magnetic properties of these systems, depending on the ionic radius and electronic structure of the substituents, should be investigated in details. At the same time, recent results suggest that more promising results can be obtained in cases where Ln substitution in the ferroelectric Aurivillius phases is accompanied by B-site doping of the perovskite-type units with magnetically-active transition-metal ions [62, 63] . In such cases, the magnetic moments of the A-site and B-site transition metal subsystem will provide more remarkable contribution to the resultant magnetic properties [64, 65] . There has been a number of studies of the doping of rare earth and transition metal elements at the A and B-sites in Bi 4 Ti 3 O 12 [29, 35, 37, 45, 62, [67] [68] [69] [70] . Although a majority of these studies focuses on the effects that such doping has on the microstructural and ferroelectric properties of Bi 4 Ti 3 O 12 [35, [66] [67] [68] [69] [70] , it is important to investigate the magnetic properties also, especially when the ultimate goal is multiferroism. However, till date there has been no report of long range magnetic order in rare earth doped Bi 4 Ti 3 O 12 [29, 35] . Rather, composite phases, such as nLaFeO 3 [65] have been reported to exhibit long range magnetic order and magnetoelectric coupling at room temperature. Doping transition metal elements at the B-site in the presence [45, 66] or absence [62] of rare earth doping at the A-site has also yielded magnetoelectric properties. Our results on BNTO show that the compounds are paramagnets, but with underlying antiferromagnetic interactions. Moreover, the strength of the underlying interactions increases with increase in Nd concentration as evidenced by an increase in the value of the Curie-Weiss constant. It is quite possible that a further increase in the Nd concentration will induce long range order in the system. Efforts are ongoing to prepare phase pure samples with a higher concentration of Nd. However, it should be noted that realizing completely phase pure samples with such a high concentration of Nd is nontrivial and requires application of high pressure during synthesis.
Conclusions
The structural, ferroelectric, and magnetic properties of Bi 4 − x Nd x Ti 3 O 12 solid solutions (x = 0.0, 0.5, 1.0, 1.5, and 2.0) prepared by traditional solid-state reaction technique were investigated. The concentration evolution of the XRPD patterns reveals a weakening of the ferroelectric orthorhombic lattice distortion (s.g. B2cb) with increase in the Nd concentration for x < 1 and, finally, a transition to the paraelectric tetragonal structure (s.g. I4/mmm) for higher Nd content. XRPD results confirm this phase transition via the observation of the diffraction peaks corresponding to the (200) and (020) planes of BTO coalescing into a single peak for BNTO with x = 1.5. Accordingly, the ferroelectric order is weakened by the Nd doping, and the Curie temperature rapidly decreases with increasing x up to x = 1. All samples are found to be paramagnetic, albeit with significant magnetic interaction.
